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1 Introduction

The current status in SA2 on UE location aspects and NTN is as follows [1].

SA2 confirms that when the geographic area represented by the CGI in a ULI is not comparable to a TN coverage area, it is possible for 5GCN to use a UE-obtained location instead. For an initial access where the UE has just entered RRC CONNECTED state, SA2 confirms that it is not necessary for the geographic area represented by the CGI to be comparable to a TN cell coverage area as long this can be supported in a ULI provided subsequently (e.g., in a ULI provided for a subsequent NAS message sent to an AMF).
Then, SA2 identified the following options to report a TAC in the ULI:

A. ULI contains a TAC selected by NG-RAN out of the TAC(s) broadcast by the serving radio cell for the UE. Different options are available for how this TAC is selected. For example: 

1. The TAC could be selected by NG-RAN and correspond to the TA in which the UE is physically located if this is one of the TACs broadcast in the serving radio cell. NG-RAN selects the TAC based on its available knowledge of the UE location. This option does not apply in case the UE is located in a TAI and the corresponding TAC is not broadcast in UE’s serving cell (e.g. in case of hard TAC). 

2. The TAC could be selected by NG-RAN and corresponding to the TA with greatest geographic overlap with the current earth area projected by the NTN Uu cell. 

B. ULI contains a TAC selected by the UE out of the TAC(s) broadcast by the serving radio cell. The TAC could be selected by the UE based on the Registration Area and other information. The UE provides the selected TAC to NG-RAN and NG-RAN provides it to the CN in the ULI. 

C. ULI contains the TAC for the TA in which the UE is physically located, independent of whether the TAC is broadcast in the serving radio cell or not. NG-RAN determines the TAC based on its available knowledge of the UE location. NG-RAN may also indicate in the ULI whether the TAC is broadcast in the serving radio cell.

D. ULI contains all TAC(s) currently broadcast by the serving radio cell.

We will provide some observation on how to address the above issues and suggest a way forward.
2 Discussion
We can observe the following on the above alternatives identified by SA2.
Implementation Approach
First of all, it does not seem feasible to use the “do nothing” approach and leave reporting completely to RAN implementation. This may lead to inconsistencies between ULI and RA information in the AMF, since AMF may receive a message with ULI/TAI not included in the RA.

Observation 1: It does not seem feasible to solve ULI reporting for NTN by implementation.

Alts. A1, A2 and C
Then, we can observe that some alternatives involve the gNB selecting the information based on its knowledge of the UE location (Alts. A1, A2 and C). This will be based on e.g. UE information or other information, and will strongly depend on the granularity and quality of such information available to the gNB. In general, these seem to be the most complex options for the gNB as it puts all the burden on the gNB itself. Out of the 3 options, possibly Alt. C seems the most beneficial, since it calls for the gNB to base its selection on the knowledge of the UE location (which, as we know from [4], can be obtained from UE-supplied GNSS measurements over RRC already today).
Observation 2: Any option which requires the gNB to select TAI to report adds complexity to the gNB; possibly Alt. C seems the most beneficial, since it is based on UE location information which can already be obtained by the gNB from the UE over RRC.

Alt. B
Letting the UE select the TAC (Alt. B) seems feasible from the point of view of the RAN, with the understanding that it shifts the action to the UE. This would be beneficial in case of networks overlapping (at least partially) across borders, in which case the selection would be based on the combination of PLMN ID and TA.
Notice that this option involves both RAN3 and RAN2. It involves RAN3 because of the relation to NNSF functionality, which has among its input any information on UE location reported by the UE itself, also for legacy terrestrial networks (and the respective clarification for NTN has already been agreed by RAN3 [3]). It involves RAN2 due to the implications on the UE.

Given that this option impacts the UE, it seems appropriate to discuss it also in RAN2 .

Observation 3: Letting the UE select the TAC may be feasible, especially near country borders, and will provide additional information to the gNB which could use it for NNSF; given that it also impacts the UE, it seems appropriate to discuss it also in RAN2.
Alt. D
In this alternative, the gNB sends all broadcasted TACs to the AMF, so the AMF can pick the one which lies in the RA. Given that selection is offloaded to the AMF, this option has no UE impact and seems to be the simplest one from the RAN point of view. An added benefit is that receiving a comprehensive set of information may enable an AMF implementation to learn and correlate TAs with other deployment-specific information.
The fact that this option does not involve the UE in any way, may also to be a drawback: in case the UE is close to e.g. a country border, the AMF might not be able to discriminate the UE location with enough precision with only information.

Observation 4: Allowing the gNB to send all broadcasted TACs to the AMF, which picks the correct one, seems to be the simplest one from RAN point of view, but it might not enable the AMF to discriminate the UE position precisely enough when close to country borders.
Proposed Way Forward
If we were to go for the minimum complexity in RAN, we should go for Alt. D: this would leave all the burden to the AMF and might not cover all possible scenarios, as seen above. So, it seems wise to complement Alt. D with additional information. This may come from Alt. C: a TAC selected by the gNB based on UE location seems to be able to cover all possible scenarios, including when country borders are involved.

So, a possible way forward could be to combine Alts. D and C.

Proposal 0: Discuss the possibility to combine Alts. D and C: the gNB signals in the ULI the TAC for the TA where the UE is physically located, based on its knowledge of the UE location, and all the TACs broadcasted by the serving cell; the AMF takes this information into account.
Pending discussion in RAN2, Alt. B could be added to the combined solution as an additional optimization. The UE selects the TAC based on RA and other information, then provides it to the RAN. In case of discrepancy, the gNB-derived TAC based on UE location should take precedence. In this case, we would have the added benefit of providing additional information to the gNB directly from the UE, which is beneficial for e.g. NNSF.

This combined solution seems to combine the benefits of good discrimination, of additional information in the gNB (for use with e.g. NNSF) and in the AMF, and of a “fallback” capability in case some information is missing.
Proposal 1: Pending RAN2 discussion, it should be possible to add Alt. B to the combination of Alts. C and D.
Given the UE impacts of Alt. B, RAN2 should be liaised.

Proposal 2: Liaise RAN2 and SA2; RAN2 should decide on the feasibility of the Alt. B; a draft reply LS is provided in [2].
3 Conclusions and Proposals
Our proposals are summarized below.
Observation 1: It does not seem feasible to solve ULI reporting for NTN by implementation.

Observation 2: Any option which requires the gNB to select TAI to report adds complexity to the gNB; possibly Alt. C seems the most beneficial, since it is based on UE location information which can already be obtained by the gNB from the UE over RRC.

Observation 3: Letting the UE select the TAC may be feasible, especially near country borders, and will provide additional information to the gNB which could use it for NNSF; given that it also impacts the UE, it seems appropriate to discuss it also in RAN2.

Observation 4: Allowing the gNB to send all broadcasted TACs to the AMF, which picks the correct one, seems to be the simplest one from RAN point of view, but it might not enable the AMF to discriminate the UE position precisely enough when close to country borders.

Proposal 0: Discuss the possibility to combine Alts. D and C: the gNB signals in the ULI the TAC for the TA where the UE is physically located, based on its knowledge of the UE location, and all the TACs broadcasted by the serving cell; the AMF takes this information into account.
Proposal 1: Pending RAN2 discussion, it should be possible to add Alt. B to the combination of Alts. C and D.
Proposal 2: Liaise RAN2 and SA2; RAN2 should decide on the feasibility of Alt. B; a draft reply LS is provided in [2].
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